Simple Summary: While the routine neutering of pet dogs and cats is very common, it impacts on animal welfare and can be ethically problematic. Using an online and in person questionnaire, we investigated for the first time the attitudes of the UK public to the routine neutering of dogs and cats. The respondents (n = 451) expressed views both supporting and opposing routine neutering, but predominantly (>80%) supported the practice. Primary justifications were prevention of unwanted offspring and reproductive diseases. Around 10% of the respondents disagreed and felt that neutering should only be done for medical reasons. Men were less likely than women to agree with neutering of dogs and cats, and those with meat reduction diets were more likely to be against neutering. Cat owners supported neutering more than non-cat owners. Our results characterise how members of the UK public currently perceive the acceptability of routine neutering of dogs and cats.
Introduction
Despite growing public interest in animal welfare and animal rights [1] , companion animals' reproductive life remains greatly controlled. As such, neutering dogs and cats is the most common surgical procedure carried out by veterinarians in the UK [2] . Neutering has both positive and negative impacts on animal welfare. It has been suggested that short-term negative welfare impacts include stress from unfamiliar surroundings [3] , painful procedures and anaesthetic or surgical complications (8.2-9 .1% of neutering cases in the UK involved one or more abnormalities) [4] , while longer-term welfare impacts vary depending on the animal's species and sex. veterinary professional bodies in the United States of America (USA) and the United Kingdom (UK) [49] [50] [51] , routine neutering is considered unethical by some and must be done for medical reasons in several countries such as Germany, Norway and Sweden [52] [53] [54] [55] . In practice, the level of neutering of dogs and cats is probably highly influenced by the national veterinary associations. In the UK, policy statements issued by the British Veterinary Association (BVA) in 2006 strongly support routine neutering of cats and of female dogs but recommend that neutering of male dogs should always be considered on a case-by-case basis [50] .
There are several different ethical views that attempt to define our duties to animals [56] . On a contractarian view, only the welfare of humans is concerned and neutering should be carried out if it is what the owner wants, with no regard for the animal. The utilitarian approach notes that neutering will deprive animals of pleasurable experiences such as mating and nurturing offspring [3, 43, 57] , while not neutering intact animals raises concerns of sexual frustration of both sexes when the females are in heat [3, 19] . However, it can also be argued that discomfort, hypervigilance or anxiety relating to caring for offspring, and the behavioural changes associated with heat, false pregnancy and pregnancy could be stressful for a bitch or queen as well as unpleasant for owners. Nevertheless, if neutering prevents reproductive diseases, encourages responsible pet ownership and prevents the birth of suffering offspring, the pain from the surgery and the potential loss of pleasurable experiences might be outweighed by these benefits. By contrast, those with an animal rights view may argue that neutering violates an individual animal's right to bodily integrity, right to respectful treatment, right to perform natural behaviour, right to reproduce and right to sexuality or right not to be coercively sterilized [42, [57] [58] [59] [60] . It could be argued that on an individual basis, the welfare benefits from neutering are not so clear-cut that if healthy animals were able to choose, they would necessarily voluntarily relinquish their right to bodily integrity to for dubious future health benefits. Nevertheless, some animal rights proponents may prefer neutering over continued breeding of dependent domesticated "slave" animals [61] .
To our knowledge, the attitudes of the UK public towards routine neutering of dogs and cats have never been systematically examined. Given the widespread ownership of dogs and cats (49% of UK adults) [62] , this is a significant gap in knowledge. We used a questionnaire to investigate the range of views towards neutering, allowing us to determine if the predominant opinions of the public are in line with the policy statements of the veterinary associations. By determining the level of agreement with a range of statements supporting or opposing neutering, we also characterized which arguments were behind the predominant views. Finally, we also determined whether the positions adopted were related to the demographics of the respondents.
Materials and Methods
A questionnaire (full text available in Supplementary Materials) was designed to investigate the attitudes of the UK public to the routine neutering of pet dogs and cats. The study design and the questionnaire were approved by the University of Glasgow College of Medical, Veterinary & Life Sciences Ethics Committee (Application reference: 200160125). Responses were anonymous and all subjects gave their informed consent before participation.
The first part of the questionnaire collected demographic information including gender, age, nationality, ethnicity and marital status along with eating habits, reasons for diet choice, religious beliefs and experience of dog and cat ownership.
The second part of the questionnaire asked the participants the extent to which they agreed with a range of welfare and ethical arguments 'for' and 'against' routine neutering of dogs and cats. Male dogs, female dogs, male cats and female cats were considered separately with a similar list of statements. In each category, participants were asked to indicate their agreement with statements regarding neutering animals they hypothetically owned with responses based on a five-point Likert scale (strongly agree, agree, neutral, disagree and strongly disagree). The statements were derived from a review of literature and veterinary association policy statements [50] and were adapted according to species-specific and sex-specific costs and benefits of neutering. For example, the statements "I would neuter him to prevent or reduce unwanted behaviours." and "I would neuter him to prevent reproductive diseases (benign prostatic hyperplasia, testicular tumour etc.)" support routine neutering in male dogs. For female dogs, these statements were changed to "I would neuter her to prevent or reduce unwanted behaviours and physiological changes (e.g., vaginal discharge)" and "I would neuter her to prevent reproductive diseases (uterine infection, breast cancer etc.)". The respondents were provided with an open question requesting "any further comments" at the end of the questionnaire. The questionnaire also asked about attitudes to the neutering of stray/shelter dogs and cats; these data are not presented here.
The questionnaires were distributed in May-June 2017 in electronic form (via Survey Monkey) to members of the UK general public via social networking sites (Facebook). To recruit participants who do not use the internet/social media, members of the public in Glasgow were approached directly in public spaces (e.g., shopping centres, city streets, parks and squares) and were asked to fill the questionnaire in person. The minimum age of the respondents was 18 years.
We obtained responses from 630 participants (518 from the online survey platform and 112 from the in-person interview). Only 493 responses were complete (incomplete responses were seen online only) and of these, 455 individuals identified themselves as of UK nationals. Two younger than 18-year-old respondents were excluded and two non-binary persons were omitted since the sample size of the group was not enough to be representatively analysed. Therefore, a final sample size of 451 responses was used in the data analysis. The respondents' demographic information is shown in Table 1 . Data collected from paper questionnaires were manually entered into the online survey platform. Data in a .csv spreadsheet were then imported into R version 3.3.3 (R Core Team, 2016, http://www.R-project.org/) and analysed using general linear models (GLMs) to investigate and control for the effects of several demographic factors. Stepwise reduction of the model was conducted using Log-likelihood ratio tests (LRTs), starting from the most complex model with all possible pairwise interactions to the simplest one that explained best the response variables, using a significance level of 0.05. Each animal category (e.g., male dogs) was analysed independently. Statements were grouped 'for' neutering and 'against' neutering for each animal category. Responses of the Likert scale statements were scored as follows: strongly disagree = 1; disagree = 2; neutral = 3; agree = 4; strongly agree = 5. The scores were then averaged for the 'for' neutering statements and between the 'against' neutering statements for each animal category for each participant. These mean scores constituted the response variables, thus there were eight scores (means 'for' and 'against' neutering of each of the four animal categories: male dogs, female dogs, male cats and female cats).
Two of the statements in the questionnaire were recognised to be problematic. "I would not neuter my animal because of religious reasons" was derived based on the Buddhism's Five Moral Precepts. This was not relevant because the majority of the respondents were non-religious or Christian. The low scores from disagreeing to this statement could lead to misleading results for this sample; thus, this statement was omitted from the data analysis. Another specially treated statement was "I would neuter my animal only to cure a reproductive disease. Neutering should be done only for a medical reason". This statement initially contributed to the 'for' score because it was supportive of neutering in certain circumstances. However, the response trend suggested that this statement was actually interpreted as an argument against neutering. In particular, people who were generally supportive of neutering showed low agreement with this statement. Therefore, we moved this statement to the 'against' category for analysis since not doing so inflated the 'for' score in participants who were against neutering. We chose not to exclude this statement since agreement levels were strong in some participants and the argument about medical reasons was an important one. A Gaussian distribution of all of the response variables was assumed in model fitting. We tested the normality of the residuals of the best-fitted models using the histogram plot and the Q-Q plot of the residuals of the selected models. Homoscedasticity (constant variance) was also examined by plotting the residuals. All of the response variables from the 'against' neutering statements were originally normally distributed; however, the response variables from the 'for' neutering statements had to be transformed prior to analysis by cubing the scores. Demographic factors (i.e., age, gender, relationship status, religious belief, diet choice and pet ownership) and their pairwise interactions were included in the most complex model as explanatory variables for each response variable. Ethnicity was not included in the analysis since 95.34% of the respondents were Caucasian (Table 1 ). All fixed factors and all possible interactions between them were included. The non-significant terms were removed using standard model simplification procedure via the likelihood ratio test in R, using a significance level of 0.05.
Results

The Predominant Views on Routine Neutering of Dogs and Cats
More than 80% of the respondents agreed with routine neutering across all categories (male dogs 88.47%; female dogs 86.03%; male cats 89.58%; female cats 87.36%), as defined by a score 'for' neutering over 3 and an average score 'against' neutering less than 3. Mean overall agreement scores supporting neutering were 4.01 ± 0.04 for male dogs, 3.94 ± 0.04 for female dogs, 4.03 ± 0.04 for male cats and 3.92 ± 0.04 for female cats. Mean overall agreement scores 'against' neutering were 1.98 ± 0.04 for male dogs, 1.93 ± 0.04 for female dogs, 1.88 ± 0.04 for male cats and 1.87± 0.04 for female cats.
The Welfare and Ethical Reasons behind the Predominant Views
The mean agreement scores for each statement 'for' neutering from all participants are shown in Table 2 and mean scores for statements 'against' neutering are shown in Table 3 . Table 2 . Mean (±SD) agreement scores (based on assigning strongly disagree = 1; disagree = 2; neutral = 3; agree = 4; strongly agree = 5) for each statement supporting the routine neutering of each animal category from all participants (n = 451). Table 3 . Mean (±SD) agreement scores (based on assigning strongly disagree = 1; disagree = 2; neutral = 3; agree = 4; strongly agree = 5) for each statement opposing the routine neutering of each animal category from all participants (n = 451). The highest scoring three reasons that the majority of the participants would neuter male and female dogs were "to prevent reproductive diseases", "to prevent unwanted puppies" and "to prevent genetic disease or unwanted traits to the next generation" ( Table 2 ). Primary reasons for neutering male and female cats were "to prevent unwanted kittens", "to prevent reproductive diseases" and "to prevent unwanted behaviours" ( Table 2 ). The top reasons participants would not neuter their own animals for all categories were because "neutering should be done only for a medical reason" and "the risks of the surgery". The third ranked reason varied between categories. For male dogs, it was because "it is not necessary", for female dogs it was because of "post-surgery inactivity, obesity and urinary incontinence" and for cats, it was related to "the pain of the surgery" (Table 3) .
Reasons
Free text comments regarding routine neutering were conditional upon the animal's species, such as "Cats do tend to roam more than dogs so are better neutered". Some reasons were also related to the animal's sex: "Female dogs I would neuter at age 5-6 years before the risk of pyometra increases. Males I would not neuter", "I always neuter my male cats to ensure that they do not impregnate cats where their owners are less responsible" and "Probably more important for female cats to be spayed to avoid unwanted kittens". On the other hand, some participants suggested that sex of the animal should not matter: "I think pets regardless of gender should be treated equally". The view that female dogs and cats should have one litter before neutering was also repeatedly presented: "I would let the females have one litter and then neuter her for her own welfare. But she should experience once an experience of mating and being a mother" and "I would allow the females to experience one litter and then I would neuter her for her own welfare".
Some respondents' comments reflected animal rights views such as "I think the whole idea of domesticating animals is questionable anyway. We are equal. We are not allowed to cut any animal's part". However, some participants were against neutering due to welfare concerns, such as "Neutering dogs because we can is no good reason to do it. Far too many dogs are neutered far too early causing lasting damage physically and mentally" and "I will not neuter my dogs because neutering has been proven to be detrimental to temperament and health." Some participants emphasized that the reasons to neuter should be considered on a case by case basis: "I wouldn't neuter my dog if he showed nervous tendencies as castration may make that behaviour worse", "Each dog is different so in some cases it may be in the dogs best interest to NOT neuter, whether that is for behavioural or medical reasons", "I chose neutral for some answers because I believe that those elements should be considered when letting procedure to be done with each animal". Some neutering decisions were conditional on when and how the animal will be neutered. For example, "I would not neuter him until all his bone and joint structures were fully matured, about 18 months old" and "I would only consider neutering after sexual maturity, as scientific studies have shown it can predispose my breed to cancer".
The financial cost of neutering or not, was an important issue for some respondents: "It's the costs that put people off as it's very expensive to do", "I have cats and as much as I would love them to have kittens I wouldn't be able to guarantee their care if I couldn't afford to keep them". However, some people thought that such costs are a part of essential spending and being a responsible pet owner: "If you can't afford vets bills then don't have pets" and "I think it is important to take control of any over-breeding. Neutering is a small price to pay". The pedigree status of the animal and the breeder status of the owner were also mentioned as follows: "The only other element I would consider not neutering if the animal is a pedigree".
Some respect for nature views emerged in the comments such as "Neutering should be done to prevent overpopulation. Cat population can affect wild bird populations", "What stops nature evolve I'm against it." and "The survey highlights a dilemma. At which point do we stop neutering to encourage diversity and longevity of the species."
Demographic Factors
The gender of the participants affected agreement scores for male dogs, female dogs and female cats as a main effect (likelihood ratio test: 2∆LL = 60.6, df = 1, p < 0.001; 2∆LL = 64.4, df = 1, p < 0.001; 2∆LL = 48.6, df = 1, p < 0.001), where in all cases women were more supportive of neutering than men. For male cats there were a main effect of gender (F1,423 = 65.54, p < 0.001) and an interaction term with age (2∆LL = 7, df = 1, p < 0.05), where male participants showed less agreement with neutering and higher agreement with statements opposing neutering compared to female participants, except in older participants where this trend was reversed. Figure 1 shows data from male dogs only, illustrating that for every statement, women had higher agreement scores 'for' neutering than men, and men had higher 'against' scores than women. This pattern was apparent across all animal categories (data available in Supplementary Materials).
When it came to specific statements supporting neutering, male participants scored "to prevent genetic disease or unwanted traits to the next generation" the highest, followed by "to prevent reproductive diseases" and "to prevent unwanted puppies". Female participants scored "to prevent unwanted puppies" the highest, followed by "to prevent reproductive diseases" and "to prevent genetic disease or unwanted traits to the next generation".
In women, statements against neutering were ranked in line with the overall score (shown in Table 3 ) except for female dogs, where women scored "it is not necessary" in the third place instead of "post-surgery inactivity, obesity and urinary incontinence". For men, the most popular reasons not to neuter animals were "neutering should be done only for a medical reason", "the risks of the surgery" and "it is not necessary". For male cats, "the rights to have sexual and parental experiences" as well as "it is not necessary" were ranked highest by men. The gender of participants also interacted with relationship status to affect agreement scores with statements against routine neutering of all animal categories (2∆LL = 11.14, df = 5, p < 0.05; 2∆LL = 15.46, df = 5, p < 0.01; 2∆LL = 14.42, df = 5, p < 0.05; 2∆LL = 14.2, df = 5, p < 0.05) with all women except separated women showing less agreement with statements opposing neutering female dogs than men. When it came to specific statements supporting neutering, male participants scored "to prevent genetic disease or unwanted traits to the next generation" the highest, followed by "to prevent reproductive diseases" and "to prevent unwanted puppies". Female participants scored "to prevent unwanted puppies" the highest, followed by "to prevent reproductive diseases" and "to prevent genetic disease or unwanted traits to the next generation".
In women, statements against neutering were ranked in line with the overall score (shown in Table 3 ) except for female dogs, where women scored "it is not necessary" in the third place instead of "post-surgery inactivity, obesity and urinary incontinence". For men, the most popular reasons not to neuter animals were "neutering should be done only for a medical reason", "the risks of the surgery" and "it is not necessary". For male cats, "the rights to have sexual and parental experiences" as well as "it is not necessary" were ranked highest by men. The gender of participants also interacted with relationship status to affect agreement scores with statements against routine neutering of all animal categories (2∆LL = 11.14, df = 5, p < 0.05; 2∆LL = 15.46, df = 5, p < 0.01; 2∆LL = 14.42, df = 5, p < 0.05; 2∆LL = 14.2, df = 5, p < 0.05) with all women except separated women showing less agreement with statements opposing neutering female dogs than men.
Variation in agreement scores for male dogs, female dogs and male cats was affected by the respondents' dietary choices, where respondents with a meat-reduction diet scored higher for the statements 'against' the routine neutering (2∆LL = 12.28, df = 4, p < 0.05; 2∆LL = 14.54, df = 4, p < 0.01; 2∆LL = 9.64, df = 4, p < 0.05) ( Table 4 ). Variation in agreement scores for male dogs, female dogs and male cats was affected by the respondents' dietary choices, where respondents with a meat-reduction diet scored higher for the statements 'against' the routine neutering (2∆LL = 12.28, df = 4, p < 0.05; 2∆LL = 14.54, df = 4, p < 0.01; 2∆LL = 9.64, df = 4, p < 0.05) ( Table 4) . Table 4 . Mean agreement scores (± SD) for participants by diet choice (meat (n = 176), meat reduction (n = 44), pescetarian (n = 18), vegetarian (n = 24) and vegan (n = 28)) supporting or opposing routine neutering of each animal category. Diet choice also affected the level of agreement with neutering of all animal categories, depending on religious belief, where vegans and vegetarians had lower agreement scores supporting neutering when they were religious (2∆LL = 19.2, df = 4, p < 0.001; 2∆LL = 13.2, df = 4, p < 0.05; 2∆LL = 14.4, df = 4, p < 0.01; 2∆LL = 20.6, df = 4, p < 0.001). Dog owners who were meat eaters, meat reduction eaters and vegan had higher agreement scores in support of neutering of male dogs (2∆LL = 11.6, df = 4, p < 0.05), while the opposite was true for dog owners who were vegetarian and pescetarian.
Pet ownership affected mean scores against neutering for both male and female cats as a main effect (2∆LL = 4.94, df = 1, p < 0.05; 2∆LL = 4.76, df = 1, p < 0.05), in that cat owners were less likely to be against neutering their cats than non-cat owners. Pet ownership had many interactions with other demographic factors; for example, it affected the level of agreement for neutering of all animal categories, depending on respondents' relationship status (2∆LL = 9.6, df = 4, p < 0.05; 2∆LL = 10.2, df = 4, p < 0.05; 2∆LL = 11.4, df = 3, p < 0.01; 2∆LL = 18.2, df = 3, p < 0.001) where owners were more likely to agree with neutering depending on whether they were in a relationship. Dog owners aged between 18-29 and more than 50 years old had lower scores against neutering compared to non-dog owners (2∆LL = 7.04, df = 2, p < 0.05; 2∆LL = 8.78, df = 2, p < 0.05). Cat owners who were between 18-49 years old were more supportive of neutering than non-cat owners while those over 50 years old showed lower agreement (2∆LL = 6.4, df = 2, p < 0.05; 2∆LL = 13, df = 2, p < 0.01).
Apart from the interaction with diet mentioned above, religious beliefs also affected the views towards neutering of both male (2∆LL = 6.8, df = 2, p < 0.05; 2∆LL = 12.06, df = 2, p < 0.01) and female dogs (2∆LL = 8,df = 2, p < 0.05; 2∆LL = 8.3, df = 2, p < 0.05), depending on respondents' age. Opposition to neutering dogs decreased with age in non-religious participants while it was highest in 50 and older age group and lowest in the 30-49 age group in religious participants. Stacked divergent bar charts showing the percentage of responses on the Likert scale for the effects of gender on rights to sexual and parental experiences, and effects of diet choice on preventing unwanted puppies and kittens are provided in supplementary material.
Discussion
Our results indicate that more than 80% of the sampled 451 members of the UK public support the routine neutering of dogs and cats of both sexes. This reflects only a part of the policy of the BVA, which advises the routine neutering female dogs, male cats and female cats, but that neutering of male dogs should be considered on a case-by-case basis [50] . The data show that only a minority of people would not neuter their male dogs (11.53%), female dogs (13.97%), male cats (10.43%) and female cats (12.66%). These figures are lower than the estimated actual 29% of dogs not neutered currently in the UK, but slightly higher than the actual 9% of cats not neutered as reported by the PAW (People's Dispensary for Sick Animals Animal Wellbeing) report in 2018 [62] . Views towards female dogs revealed the highest percentage of respondents who did not agree with routine neutering despite the fact that a much higher proportion of veterinary practices always recommend routine neutering of female dogs (71.3%) compared to male dogs (45%) [2] . The reasons for this finding are unclear, but may it reflect public concern that the neutering operation for females is more invasive (major surgery in the body cavity) and more prone to complications, than the male equivalent. Our results also showed that "the risks of the surgery" was the second-ranked reason opposing the spaying of female dogs. By contrast, veterinarians have better access to the information regarding the advantages and disadvantages of spaying and probably focus more on the health benefits and the reproductive diseases prevented by spaying. While the advice of UK veterinary surgeons does seem to follow the policy of the BVA, our findings suggest this is not fully reflected in the view of the UK public.
The welfare and ethical reasons 'for' and 'against' the routine neutering of dogs and cats were very diverse. These were presented to participants, based on a review of the literature, but a free text option was also provided. While this approach was intended to gain a wider understanding of agreement with a range of arguments, we concede that some concepts or issues would not necessarily have occurred to the respondents had they not been presented. On the other hand, the free text option revealed some factors affecting the decision on neutering of the respondents that were not presented in the questionnaire such as the personality of each animal, the pedigree of the animal and the effects of the animal on wildlife. The free text comments and agreement with certain ethical arguments reflected adherence to various ethical positions including contractarian, utilitarian, animal rights, relational and respect for nature [56] .
The primary reason that the majority of the UK public chose to support routine neutering of all animal categories (except male dogs) was, simply, to prevent unwanted offspring. For male dogs, women still gave this reason the highest score, but men had a stronger agreement with the reason 'to prevent passing unwanted genetic traits to the next generation'. This could indicate that men were more likely to consider neutering male dogs as a case by case basis than women.
The next most popular reason in support of neutering was to prevent reproductive diseases. This argument follows utilitarian reasoning based on health benefits outweighing the welfare costs of neutering, and is very well-documented and quoted in the BVA and the BSAVA (British Small Animal Veterinary Association) policy statement [50, 51] . It may reflect the fact that most owners register their dogs (90%) and cats (81%) with veterinary practices and may have been given this information [62, 63] . However, while neutering as a prophylactic treatment of reproductive diseases is a significant benefit in male dogs, female dogs and female cats, it is not really relevant to male cats where reproductive diseases are very rare [8] . Since this reason had similarly high scores across all animal categories, it is important that the public is correctly informed before assuming there are health benefits that arise from neutering.
Interestingly, the third-ranked reason 'for' neutering was different between dogs and cats. For dogs, it was based on preventing perpetuation of unwanted genetic traits; however, for cats, it was about preventing unwanted behaviours. This presumably reflects the fact that the control of hereditary diseases is more important in dogs than in cats since there are approximately 900 hereditary disorders and genetic predispositions in dogs and only about 200 in cats [64] . Exaggerated conformation in pedigree dogs was reported among the three most concerning problems among UK vets in the PAW report [65] , but it was not a concern in cats. Our results probably also reflect that neutering is more commonly used as an effective solution to control unwanted behaviours in cats than in dogs since roaming, fighting and spraying in cats are problematic as well as hormonally influenced [51, 66] . Although neutering carries less risk of complications in cats than in dogs [4, 67] , the risk of mortality in cats is higher primarily due to the risk of anaesthetic complications [68] . Cats were also more likely than dogs to be neutered: 91.7% versus 78.5% and 60% versus 26.4% in a previous study in New Zealand and the USA, respectively [69, 70] , suggesting that owners might favour neutering cats to prevent unwanted behaviour and/or might not be aware that there is a greater risk of mortality but not of complications in cats compared to dogs. However, another study showed that there was little difference between the percentage of owners in the UK who wanted to change at least one behaviour of their dogs (78%) and their cats (77%) [62] .
Apart from the arguments on whether to neuter companion animals, when (e.g., prepubertal, after one heat, after one litter) and how (e.g., OVE or OVH) to neuter have also been controversial [22, 26, 44, 47, 48] . In this study, we did not focus on the details of when and how neutering should be done, but the belief that female animals should have one litter before being spayed was apparent in the free text comments. While 91.2% of veterinary practices in the UK reported that they would never recommend this, 9.6% of dog owners spayed their bitches after one litter of puppies [2] , and almost half of the cat owners (49%) believed a female cat should have a litter before being neutered [71] . This misapprehension could contribute to population growth and the number of unwanted animals entering animal welfare organisations and shelters.
Although being 'against' neutering was a minority view in this study, participants agreed with a range of welfare and ethical reasons not to neuter dogs and cats. One was that neutering should be done only for medical reasons. Utilitarians and even animal rights supporters would agree with this as compulsory and vital to the animal's life and well-being. Since it scored higher than other reasons, the argument that neutering should only be done for medical reasons or on a case-by-case basis for each individual animal could gain traction in the UK, as already practised in some countries [52] [53] [54] [55] . Another important reason opposing routine neutering in every animal category was because of the risk of the surgery itself. Even though complications from neutering are reported to be rare and mild [4, 22, 67] , some participants did not think it was worth the risk. However, in a recent study in Ireland, where 43 pet owners were interviewed with an open question "What influenced your decision to have your pet neutered or not?", the reason of being afraid that animals could die from the surgery was not reported [72] .
The other welfare reasons against neutering varied according to the animal's species, sex and whether the respondents were men or women. There was more concern for cats regarding pain from the surgery than dogs. This result is in contrast with a study reporting that routine neutering surgeries were considered by veterinarians to be more painful in dogs than in cats [73] . This may due to the different perceptions between these stakeholders in that the veterinarians considered that they performed a more invasive procedure on dogs which are mostly larger in terms of body, organs and incision wounds than cats. However, owners may have based their responses on the perception that cats were more prone to post-operative stress than dogs, based on their behaviour.
Respondents were more concerned about obesity and urinary incontinence after neutering female animals than obesity after neutering male animals. This could be because the female scenario stated in the questionnaire sounded more serious for having both illnesses compared to one in males. However, it could also be because obesity alone was underestimated by pet owners in its potential to harm the welfare of their animals. Obesity occurs commonly in both sexes after neutering and has always been among the top welfare issues concerning veterinarians [2, 38, 62] .
Another key finding in the present study was that demographic factors affected attitudes towards neutering. The gender of the respondents was a highly significant factor, where men were less likely to neuter dogs and cats than women in this study. The same finding was reported in previous studies in Australia and New Zealand [69, 74] . Although there was a gender bias toward female respondents in this survey (64.3% women as opposed to 35.7% men), the results are still applicable, because there appear to be more female owners than male owners of dogs (54% versus 46%) and cats (58% versus 42%) in the UK [65] . In addition, regardless of ownership, women may be more likely to be primary caregivers of pets with a decision-making role, and thus, their views are highly relevant [75] . Across all animal categories, men showed higher levels of agreement than women that depriving animals of sexual and parental experiences was a valid argument against neutering. This concurs with a previous study in Australia and New Zealand, where approximately twice as many male owners agreed that castrating male dogs removed 'maleness' and also more men than woman agreed with the question; "Do you equate dog sexuality with human sexuality?" [69, 74] . However, this does not explain why men are less supportive than women of neutering female cats and dogs. In a study of cat neutering, men were more than twice as likely as women to believe that a female cat should have a litter before being neutered [71] . Men were also more likely than women to agree with the statement; "Cats and dogs have the right to remain whole and have offspring" (24% versus 9%) and the statement; "Sterilization removes the sexuality/masculinity of the cat or dog" (29.1% versus 13.4%) [69, 76] . Therefore, the observed gender differences may reflect knowledge, favoured animal rights views and perceptions in men that pet personality is related to gonadal status [69, 71, 76] We expected agreement with arguments based on rights to body integrity, to reproduce and to have sexual and parental experiences to be more common in the present study. In addition, we anticipated that the financial cost would be important. Though these two arguments did not feature strongly in agreement ratings from the questionnaire, they were emphasised in some of the comments. This concurs with pet owners in other countries who contend that dogs and cats have the right to remain whole and have offspring and that the cost of neutering stops people from neutering [69, 70] . In the UK, only the cost aspect has been studied among pet owners, where 20.1% of the owners surveyed had their dogs neutered in a free or subsidized neutering scheme [2] .
Diet choice also affected the responses in this study. We expected vegetarians and vegans to be more likely to hold animal rights views than conscientious omnivores [77] , however, meat reduction eaters had the highest agreement scores 'against' neutering. Surprisingly, vegans had the highest 'for' scores, perhaps because they are particularly interested in animal welfare, and therefore more supportive of neutering to prevent the suffering of unwanted offspring. Importantly, unlike Lund et al.
(2016), we were specifically determining the perceptions of the respondents towards companion animals as opposed to animals for consumption, which may have affected the results. Vegetarians and vegans in the present study scored lower on the 'for' neutering statements when they were religious, compared to respondents who had no religion. Most religious respondents were Christian, and depending on their interpretation of the Bible, they may view neutering is an acceptable act of domination over animals, a caring responsibility or cruelty and sign of ingratitude to the Creator [78] .
Another demographic factor influencing attitudes towards neutering was the experience of pet ownership. Cat owners were less likely to be 'against' neutering their cats than non-cat owners. This is understandable as cats were seen to be more likely to roam than dogs and neutering is an effective means to solve this and other behavioural problems in cats [43, 51, 72] . In fact, there was a much greater proportion of current or previous dog (87.93%) and cat (83.10%) owners compared to non-owners in this study. The reasons for this are unclear but probably reflect recruitment bias in that current or previous pet owners were more likely to be interested in completing the questionnaire. Arguably, however, the views of previous or current pet owners are most relevant to the examination of this issue so this could be considered to be a strength of the current study.
Noncompletion of the questionnaire was seen only in online participants, probably due to the length of the questionnaire and the repetitive questions in different animal categories. It is not clear if the exclusion of incomplete surveys affected the results. It could have introduced bias via demographics towards people who are more interested in the topic. While recruitment via social media always risks recruitment bias, we attempted to mitigate this with additional in-person questionnaire completion. In fact, our age, ethnicity, religion and diet choice demographic profile ( Table 1 ) reasonably matches that of the UK population: the biggest age group (40.4%) is the prime working age (25-54 years), 87.5% of the UK population are Caucasian, more than half (53%) of the UK public are non-religious and 33.5% of the population are cutting down or cutting out meat [79] [80] [81] [82] . We controlled for these demographic factors as well as gender, relationship status and pet ownership in our analysis. Level of education was not determined, and while some participants appeared to be very knowledgeable, others commented that they had not thought about the reasons 'for' and 'against' neutering before. While we acknowledge the limitations of this opportunistic sample and the need for caution with generalisation, this study nevertheless provides the first data on public attitudes to neutering in the UK.
Conclusions
The respondents in this study expressed agreement with statements both supporting and opposing routine neutering of dogs and cats. Strong support of routine neutering was clear, showing that this convenience sample of the UK public is generally in favour of routine neutering, as recommended by the veterinary profession (e.g., BVA), but apparently are not aware of the caveat that neutering male dogs should be considered on a case-by-case basis. It is not clear to what extent these public attitudes have been shaped by veterinary advice; however, its influence is likely to be significant. Although some respondents were very well informed, some misunderstandings regarding the welfare costs and benefits of neutering were apparent, some of which have the potential to contribute to pet overpopulation. Animal rights opposition to neutering based on bodily integrity and rights to reproduce were less pronounced than we expected, even among respondents with vegetarian and vegan diets. These data improve our understanding of current attitudes towards an important animal welfare issue and highlight factors that influence views towards routine neutering, most notably gender, and provide a basis for comparison with other countries. Rollin [53] noted that Europeans are generally against routine neutering while in the USA, pet owners view it as a moral obligation. Our findings indicate that the UK public support the routine neutering of all animal categories. which seems to be more in line with the perspective in the USA than some other European countries [52, 54, 55] . This leads to the intriguing question of why these differences in attitudes exist which is an area for further study. The findings also identify areas of focus for improved communication with pet owners to protect animal welfare, improve compliance with veterinary advice and reduce the risk of pet overpopulation. 
